Irritable bowel syndrome (IBS) is a relatively common condition characterized by abdominal pain, among other symptoms, that significantly impacts the quality of life of IBS patients. Therapeutic treatment of IBS results in limited success, and the focus is placed on relieving patients of some of the symptoms, visceral pain in particular. Acupuncture is commonly used as a treatment modality of choice. However, the debate on whether acupuncture can be effectively used for this purpose is ongoing. In this work, we critically review the available literature to establish a potential mechanism of action in treating visceral pain in IBS using acupuncture. The sources used are Google Scholar, EBSCO, Cochrane Library and PubMed as well as Chinese database sources. The keywords used in the literature search are "acupuncture," "IBS," "Irritable Bowel Syndrome," and "visceral pain." We find that the literature strongly indicates that acupuncture, by stimulating points located on the dermatomes proximal to the spinal level of the area where the sympathetic outflow of the particular gut area affected by the pain is, can interfere with the efferent signal that transports information about the noxious stimuli and interrupt the "connectivity" between the gut and brain, and as a final result, reduce or stop IBS pain. Our findings justify that clinical trials are conducted to test the utility of acupuncture in treating abdominal visceral pain in IBS.
IntroductIon-epIdemIology of the underlyIng dIsease/dIsorder
Irritable bowel syndrome (IBS) is a complex of symptoms attributed to the intestines including, but not limited to, abdominal pain, change in bowel function and stool form and frequency, bloating, presence of mucus in stools, and a sensation of incomplete evacuation. The symptoms are difficult to explain and are either of chronic or recurrent nature. This disorder is commonly associated with notable psychological issues, and it impacts the overall quality of life of the sufferers. Psychological issues range from emotional distress to abnormal personality features, psychiatric diagnoses, and illness behaviors. [1, 2] Levy et al. [3] found that the cost of care of an IBS patient is 49% higher than the cost of care of a non-IBS patient in the year when IBS is diagnosed. They also found that the IBS patients make twice as many visits to the health-care professionals compared to the general population, controlled for age. This makes IBS patient significantly more expensive to the health system over the patient's lifetime compared to a non-IBS patient.
Psychiatric and psychological disorders are associated with IBS. The most prominent psychiatric disorders in IBS patients are depression, followed by anxiety and somatization disorders. Although the range and spread of psychiatric disorders are the same in general and IBS populations, the prevalence is very different. For example, Axis I psychiatric disorders are found in 40%-94% of IBS patients which is significantly higher than the general population. [4] Although strong association has been established, these disorders are still seen as distinct to IBS and no direct causation has been proven.
Although in the study carried out by Park et al., even distribution between the genders is reported, [5] the assumption that women are more susceptible to this condition is more prevalent in the literature. [6] [7] [8] [9] The reason for this is not clear, Bommelaer et al. suggested that the differences in diagnostic tests and the higher response rates for questionnaire among women might be an explanation for this difference in distribution. [6] The distribution between the age groups was reported mostly as even [7] with just slightly higher prevalence in the group younger than 45. [10] Due to the differences in symptoms, three subclasses of IBS have been recognized: IBS-D, IBS-C, and IBS-M. The predominant symptom in IBS-D is diarrhea, in IBS-C is constipation, and in IBS-M, it is a mixture of the two. Although some population studies reported close to equal distribution of the IBS subclasses among the populations they studied, [11] the majority of studies find that IBS-C and IBS-D are more common than IBS-M. [6, 9, 12] As no biomarkers are available for the diagnosis of IBS, diagnosis is almost entirely clinically symptom based. ROME IV criteria prescribes diagnostic criteria as recurrent abdominal pain that occurs at least 1 day a week in the 3 months prior to the diagnosis, associated with two or more of the following: (1) related to defecation, (2) associated with a change in the frequency of stools, and (3) associated with a change in the form of stools. [13] Along with the lack of predictability of bowel function, abdominal pain is considered a major contributor to the decreased quality of life in IBS patients. The pain is generally visceral in origin and chronic in nature. However, its etiology is unclear, with authors proposing several theories.
One of the theories contends that the pain is caused by a low-grade mucosal inflammation. [14] This is supported by the findings from a group of researchers conducting military research who found that after contracting gastroenteritis, soldiers experienced IBS-like symptoms that could last for variable periods of time. [15] It is suggested that the condition might be explained by the increase in numbers of inflammatory cells proximal to the enteric neurons as well as with the number of mast cells, especially activated or degranulating mast cells located around enteric neurons.
These symptoms were seen regardless of the etiology of the gastroenteritis (viral or bacterial). However, Spiller and Garsed [16] found that viral gastrointestinal infections produce short-term IBS-like symptoms that include visceral pain, while the IBS-like symptoms produced by bacterial infections stay for longer. The authors called this "postinfective IBS" or PI-IBS and find that, although its prognosis is somewhat better than the prognosis of IBS, the condition can still persist for several years after the initial infection.
Another group of scientists found significantly increased immunoglobulin (Ig) G2 subclass antibody levels to Blastocystis homonis in patients with IBS. [17] This was further investigated, and it was found that increased numbers of Blastocystis homonis were frequently demonstrated in the stool of IBS patients involved in the trial as opposed to the control group of healthy individuals. [18] Although this correlation does not confirm causation, presence of a bacteria that is strongly suspected to cause gastrointestinal issues [19, 20] and elevated levels of which are proven to cause abdominal pain, [21, 22] provide a good indication that some causation might be in place.
In addition to its presence, IBS patients are also found to have hypersensitivity to visceral pain. This is experimentally confirmed by measuring rectal sensory thresholds, and those in IBS patients were found to be significantly lower than the control group. This phenomena has attracted fair attention of the scientific community, [23] [24] [25] but it is unclear whether hypersensitivity is a direct symptom of IBS or it is a consequence of the prolonged episodes of pain that IBS patients are subjected to. According to the pathophysiology of pain, hypersensitivity to pain (hyperalgesia) is normally seen in patients as a pathophysiological consequence of the prolonged episodes of pain. [26, 27] Even though the diagnostic methods are getting more effective, the same cannot be said for the treatment methods, as no curative therapy for IBS exists at present. The available treatments treat symptoms only and mostly fall in the realm of pharmacologic treatments and psychological interventions with varying levels of success. [12, 28] Therapeutic treatment of IBS is known to result in limited success. [29] The evidence for this is collected in numerous clinical trials where the results have shown that the placebo effects are very similar to the positive effects of the treatments. [30, 31] Hence, the focus in treating IBS is placed on relieving the patients from some of the symptoms and increasing their quality of life. The choice of treatment is usually between pharmacological, dietary, or psychological treatments [32] and direct interventions, such as colonic irrigation [33] or fecal microbiota transplantation. [34] use of alternatIve medIcIne In the treatment of IrrItable bowel syndrome
The fact that contemporary medicine does not have a treatment that would eliminate IBS has made many patients to seek for alternative solutions. It is reported that numerous alternative options are offered to patients and that the modern communication systems, including YouTube, are utilized by the providers to disseminate information about them. [35] Frass et al. [36] report that the most commonly selected alternatives include chiropractic manipulation, Traditional Chinese Medicine (TCM) modalities, massage, and homeopathy among others. However, patients would also select one or more of the more controversial alternative therapy avenues, including water fasting, yoga, hypnotherapy, frequency healing, and essential oil therapy among others.
TCM modalities commonly used in the treatment of IBS are acupuncture, herbal medicine, and moxibustion. It was reported that the success of moxibustion is similar [37] or better [38, 39] when compared to the success of treatment based on pharmacological medications. For TCM herbal medicine, some authors find it not more efficient than placebo, [40] while a greater number of authors draw a clear link between the alleviation of IBS symptoms and TCM herbal treatment. [41, 42] The evidence base on the effectiveness of acupuncture in the treatment of IBS has expanded over time. [43] However, consensus on the level of its effectiveness has still not been reached, and debate is ongoing. One of the reasons for that is the question of study validity which calls for more comprehensive studies deploying more robust research methods. Moreover, the authors point out that the heterogeneity in terms of interventions, controls, and outcomes measured is not of help either. [44] However, the remark has been made that the question of validity is usually raised in the meta-analyses that have not accessed Chinese scientific databases and therefore have potentially based their findings on a limited sample size. [45] Although large corpora of texts point out that the results achieved by acupuncture are no better than the results of placebo treatment, [44, [46] [47] [48] other texts, including trials and meta-analyses, assert the opposite. [49] [50] [51] [52] It is rather significant that the scientists observing the same phenomenon distant their findings this far on the spectrum and that certainly justifies further research and greater debate on the topic.
acupuncture -mechanIsm of actIon
In TCM, acupuncture is seen as a manipulation of the body's energy, as it flows through the system of energy channels called meridians. This energy is called Qi and is seen as essential to life processes. An illness is seen to be a display of Qi disturbance, a result of interruptions and imbalances in the network of meridians. This Qi disturbance further indicates an imbalance in the Yin and Yang, the two concepts that at the same time are both opposing and complementary forces that coexist in nature and are integral to regulate Qi. [53] The idea behind acupuncture is that insertion of fine needles in specific points located on the meridians stimulates the body to rebalance Qi and normalize bodily disharmonies. The points targeted by acupuncture are called acupoints, and their stimulation is seen as having effect on organs, with stimulation of each of the acupoints having a distinct therapeutic effect. Treatments generally include stimulation of groups of selected acupoints, selection of which is made by the practitioner and based on the observed disharmony and desired therapeutic effect.
The stimulation effect in acupuncture is traditionally achieved through manual insertion and manipulation of an acupuncture needle. The manipulation can be performed during and after insertion and is either a rotation or an up/down movement of the needle or both. [54] This is expected to produce a de qi effect, which represents a connection of the needle and the energy flowing through the meridian that the point is related to. Physically, this connection is manifested as an aching sensation in the area around the needle by the patient and a "needle grasp" phenomenon by the acupuncturist. [55] In China, acupuncture has been used as a treatment choice for treating gastrointestinal disorders for 1000's of years. Although the exact mechanism remains unknown, it is assumed that the ability of acupuncture to alter acid secretion, gastrointestinal motility, and visceral pain plays an important role in improving the symptoms. [56] The experiments carried out on animal and human subjects strongly indicate a biological foundation that acupuncture works from.
Experiments on animals have indicated that stimuli applied on certain points of skin and muscles affect functionality of some autonomic functions, including the functions of the gastrointestinal system. [57] [58] [59] [60] [61] These points on the skin act as somatic references that convey these stimuli using proximal somatic connections to the appropriate organs, that in response alter one or more of their functions. The authors describe these reactions as somatoautonomic reflex responses.
Similar phenomenon was observed in the experiments
carried out on human subjects as well. The experiment where transcutaneous electrical nerve stimulation (TENS) was used to stimulate T5-T10, and C8-T1 dermatomes has produced somatogastric reflexes exhibited as subtle vasomotor changes as well as decreased peripheral responsiveness, indicating low-level central analgesia. [62] The dermatomes were selected based on their location in relation to where the sympathetic outflow to the particular gut area arises, satisfying the requirement for the proximity of the spinal level location of the sympathetic afferent and efferent nerves, as it was found on animals. [58] This physiological phenomenon has been successfully used in treating some disorders of the gastrointestinal tract. Kaada [63] describes intervention where TENS is successfully used to treat achalasia and systemic sclerosis of the esophagus that was causing dysphagia. The result was confirmed in another experiment conducted by Guelrud et al., [64] who also found that the mediator in this chain of reaction included a neuropeptide with inhibitory neurotransmitter activity in nonadrenergic-noncholinergic pathways, called vasoactive intestinal polypeptide.
Moreover, the existence of this mechanism is strongly indicated by experiments where magnetic resonance imaging is used to measure brain activity after and during the acupuncture treatment. [65, 66] The starting point for these studies was observing change in the activities of the areas of the central nervous system that previous studies [67] [68] [69] have associated with the visceral pain experienced in IBS. The areas include anterior cingulate cortex, prefrontal cortex, insular cortex, thalamus, dorsal pons, and periaqueductal gray matter. The studies found acupuncture could induce changes in these areas, including changes in glucose metabolism in the relevant gyri as well as changes in blood pressure in the thalamus among other changes. [70] These experiments prove not just the relationship between the stimulation of the points on the skin and physiological reactions of the brain, but also provide indications of the potential route of acupuncture pain modulation as deactivation of descending nociceptive pathways and decrease of limbic activity. [71] These pieces of evidence confirm "connectivity" between the points on the skin and the corresponding physiological functions, indicating what could potentially be the mechanism behind acupuncture. It is very likely that the perforation of the skin stimulates afferent points of the nerves that, through the proximal connection in the dermatomes, further stimulate sympathetic efferent nerves with the ability to control targeted physiological functions. Certainly, detailed understanding of the relevant physiological phenomena needed for interpreting these developments could not have been known by the ancient Chinese and the theory of energy flowing through the meridians sounds like a logical elucidation of this complex manifestation.
The reviewed and above-mentioned literature strongly indicates that acupuncture, by stimulating points located on the dermatomes proximal to the spinal level to the area where the sympathetic outflow of the particular gut area affected by the pain, can interfere with the efferent signal that transports information about the noxious stimuli and interrupts the "connectivity" between the gut and the brain, and as a final result, reduces or stops IBS pain.
We base the above assumption on the established fact that the pain sensation can be altered if the pain signal is interfered with. Pathophysiology of pain describes pain as noxious stimuli detected by specific receptors called nociceptors whose cell bodies are in the dorsal root ganglia and terminate in the superficial layers of the dorsal horn of the spinal cord. Here, they relay messages to the second-order neurons by activating the release of neurotransmitters. Upon reception of the signal, the second-order neurons activate the third-order neurons whose distal ends are located in the thalamus, that further activate centers in the somatosensory cortex specific to the origin of activation. [72] This afferent mechanism of transferring the signal from the noxious receptors to the somatosensory centers in the brain must be uninterrupted for the sensation of pain to occur. It is known that if in some way, this nociceptive transmission is interrupted, the pain sensation is altered. [73, 74] Noncortical modulation of pain is commonly achieved on two sites, spinal cord's dorsal horn and periaqueductal gray matter. [75] It is found that modulation in this area can be not just suppressive to pain but to also have excitatory influence on dorsal horn neurons, producing the sensation of pain without any nociceptive transmission coming from the first-order neurons.
An example is the work of Budai and Fields [76] where microinjections of bicuculline in the ventrolateral periaqueductal gray matter were found to led to a 60%-80% decrease in the neuronal responses to heat in rats. They also found that injection of naloxone in the same area will have an excitatory effect and will produce pain sensation without the involvement of the first-order neurons and their receptors. In addition to the use of chemical agents, periaqueductal gray matter modulation is also achieved using electrical current. An example is the experiment by Fields and Basbaum [77] where they used electrical current to stimulate periaqueductal gray matter and produce analgesia in rats.
Our assumption is that the pain signal in the case of acupuncture will be modulated in the area of the dorsal horn where dorsal roots of the efferent first-order neurons transfer the signal to the proximal ends of the second-order neurons. However, we are not sure what the exact mechanism of the modulation will be. It might be that the signal produced by the insertion of a needle will induce secretion of endogenous opioids in the periaqueductal gray matter and induce analgesia, or it might be that the electric signals produced by the insertion of an acupuncture needle induce iontophoresis in the area of interneuronal cells in the periaqueductal gray matter, excite them and make them exhibit their inhibitory effect, similar to what electrical current does when inducing analgesia.
Although only indications of the mechanism of acupuncture action exist, the fact that the "communication" between the dermatomes and the visceral organs has been documented in animals [59] [60] [61] and humans, [62] [63] [64] provides a sufficient ground for our hypothesis.
conclusIon
We provide a synopsis of the IBS epidemiology before we outlined alternative treatment options that are in use today. Then, we listed acupuncture as one of the modalities of TCM used in the treatment of IBS and reviewed the literature that explores the physiological phenomena that might be underpinning its mechanism of action. In particular, we focused on the physiological phenomena that are indicated to modulate abdominal visceral pain which is the most common symptom in IBS. Our conclusion is that acupuncture potentially alters the signal that transports noxious stimuli information and interrupts gut-brain "connectivity" to reduce or stop IBS pain. This assumption needs to be clinically tested, and we suggest clinical trial (s) that would provide further evidence in support or against this assumption.
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